LTHOUGH tremor and rigidity are frequently unilateral at the onset of Parkinson's disease, these signs usually spread to the opposite side of the body. Certain patients with unilateral tremor and rigidity, however, appear to be "cured" by successful thalamotomy. Cooper 1 has proposed alternative hypotheses to explain the effect of thalamic surgery in these patients: 1) a thalamotomy that permanently abolishes unilateral tremor and rigidity prevents spread to the opposite side of the body by interrupting the pathways in the basal ganglia subserving the propagation of the disease process; or 2) thalamotomy has no effect on the progress of tremor and rigidity to the opposite side of the body, and those patients with unilateral tremor and rigidity who appear to be "cured" by successful surgery have a benign form of Parkinson's disease.
To study these hypotheses, we examined 72 patients approximately 5 years after they had undergone cryosurgical ventrolateral thalamotomy for tremor and rigidity which, at the time of surgery, were confined to one side of the body.
Material and Methods
For the purposes of this study, unilateral Parkinson's disease was defined as tremor and rigidity confined to the extremities of one side of the body. Masked facies, balance disturbances, akinesia, and other vegetative signs of Parkinson's disease were not included in this definition. From the St. Barnabas Hospital neurosurgical files subsequent to January 1, 1963, we selected the first 100 patients whose tremor and rigidity were unilateral at the time of surgery. Each patient was then contacted to arrange an interview Received for publication June 23, 1969. * Present address: Department of Neurosurgery, Massachusetts General Hospital, Boston, Massachusetts.
5" Address reprint requests to Dr. Jacob A. Brody, Epidemiology Branch, National Institute of Neurological Diseases and Blindness, Bethesda, Maryland 20014. and examination. Of the 100 patients, 26 were unavailable for examination (12 in foreign countries, eight deceased, four missing, and two who refused to be seen). Two were excluded from the study following examination because of the presence of additional neurological syndromes which prevented determination of the progression of their Parkinson's disease.
Thus, 72 patients constituted the study population. One of us (R.M.S.) saw each patient, usually in the patient's home, and administered a three-part examination, consisting of: 1 ) an interview to determine the progress of the disease after surgery and the extent of the patient's current disability; 2) a routine neurological examination to document the progression of the Parkinson's disease; and 3) the administration of several tests of manual dexterity, patterned after those described by England and Schwab, 2 to aid in quantitating disability and akinesia. Patients were seen from March through September, 1968; the postoperative period ranged from 46 to 68 months, with the mean being 57.4 months.
Results
Of the 72 patients who underwent thalamotomy, 33 were evaluated as showing complete relief ("successful operation") and 39 incomplete relief ("unsuccessful operation") of their original tremor and rigidity at the time of follow-up examination. The majority of patients in the unsuccessful group had some degree of amelioration of their original symptoms; however, to evaluate stringently Cooper's hypothesis, a patient with even a trace of his original tremor or rigidity at follow-up was considered to have undergone an "unsuccessful" operation. Table 1 presents a comparison of these two groups of patients.
At the follow-up examination, 67% of the patients in each group had developed tremor or rigidity in the opposite extremities ( Table  2 ). In the group with a successful result, the mean duration of unilateral tremor and ri-Thalamotomy and gidity from onset until spread to the opposite side was 6.3 years, with a range of 3.4 to 10.3 years. In those with an unsuccessful result the mean duration of unilateral tremor and rigidity from onset until spread to the opposite side was also 6.3 years, with a range of 1.3 to 19 years. Thus, the rate at which the symptoms spread was not altered by the success or failure of the original surgery.
The interval between symptom onset and surgery in this patient population varied from 10 months to 38 years. Because of this wide range, a beneficial effect from surgery performed early in the course of the disease would have been masked. We therefore studied the frequency and rate of spread in the 32 patients in this series who underwent thalamotomy within 5 years of onset of symptoms. This subgroup consisted of 15 patients with "successful thalamotomy" and 17 with "unsuccessful thalamotomy." Only two patients in each group had no spread of their tremor and rigidity at follow-up; the mean duration of unilateral symptoms before progression to the opposite side was 5.3 years in the "successfully operated" group and 4.2 years in the "unsuccessfully operated" group. Thus, within the limits of the population studied, successful thalamotomy early in the course of Parkinson's disease had no major effect on the progress of the illness.
Successful surgery did influence diseaserelated factors other than spread (Table 3 ). Approximately 54% of the patients with successful results were taking anti-Parkinson medication, as opposed to 79% of the patients in the unsuccessful group. Akinesia was present in 18 % of the group with successful results as opposed to 35% of those with unsuccessful operations. Postural disturbances were less frequent in those with the successful operations. The patients' disability, however, as measured by a score derived from the standardized interview and examination, was only slightly less in those with successful operations. There was no important difference between the two groups in the prevalence of autonomic symptoms, such Six of the 11 patients in whom the disease did not spread following a successful operation had no signs or symptoms of Parkinson's disease at follow-up and represented ideal surgical results. At the time of surgery, these patients had had unilateral tremor and rigidity for more than 5 years, and five of the six had given histories of severe febrile illnesses or coma preceding the onset of Parkinson's disease. None had had a history of familial tremor or other related neurological disease. When the unilateral tremor and rigidity were removed by successful thalamotomy, they were able to lead completely normal lives; on examination, they had no detectable abnormalities, other than an occasional tendency to drag the leg on the affected side.
The remaining five patients whose tremor and rigidity did not spread following successful thalamotomy had other signs suggestive of Parkinson's disease, despite the complete absence of tremor and rigidity. Four of these were completely independent in the activities of daily living, but had slightly diminished facial expression, reduced speech volume, or abnormal righting reflexes. The remaining patient had many signs and symptoms of Parkinson's disease, including drooling, oily skin, reduced speech volume, masked facies, and abnormal righting reflexes. She was in a nursing home, dependent on others in most activities of daily living.
Discussion
We have found that the frequency and rate of progression of signs and symptoms were similar in patients whose operative results were considered successful and unsuccessful when examined 5 years after thalamotomy. This observation was unaffected by the duration of the patient's symptoms prior to surgery. Thus, our data did not support Cooper's first hypothesis 1 regarding the effect of successful surgery on the progress of Parkinson's disease. A small number of patients, when examined at follow-up, had no detectable signs of Parkinson's disease. It is likely that these patients had a benign syndrome characterized by slow progression of unilateral tremor and rigidity. In our series, Brody and Irving S. Cooper these patients had onset of their symptoms at a relatively early age and frequently gave histories of severe febrile illness. It is important that more information on this apparently benign syndrome be obtained, since successful thalamotomy can restore these patients to virtual normalcy. We are currently preparing a discussion of the natural history of unilateral tremor and rigidity in order to define more clearly this benign syndrome?
Summary
In order to study two hypotheses of Cooper regarding the effect of successful thalamic surgery on the course of unilateral Parkinson's disease, we examined 72 patients who had undergone thalamotomy 5 years previously for unilateral tremor and rigidity. Successful thalamotomy did not reduce the number of patients who subsequently developed spread of tremor and rigidity to the contralateral side; nor did it affect the rate of progression of the disease, as compared with a group of patients whose thalamotomy was not successful. Patients whose thalamotomy was successful, however, were less dependent on medication and, as a group, had less akinesia and fewer postural abnormalities than those in whom the operation was unsuccessful. Six patients whose thalamotomy was successful and whose tremor and rigidity did not spread to the opposite side following surgery had no signs or symptoms of Parkinson's disease at follow-up examination. As suggested by Cooper's second hypothesis, these patients apparently had a benign form of Parkinson's disease, which would not have spread to the contralateral extremities within the time interval studied, regardless of therapy.
